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IMPROVEMENTS IN OR RELATING TO INTEGRATED CIRCUIT 

DIES 

This invention relates to integrated circuit dies. 

When an integrated circuit design nears the production stage it is usual to 
produce a prototype version having additional conductive pads to which connection 
5 may be made for testing and de-bugging purposes. Where conventional wire bonding is 
used to make connections to the pads on the integrated circuit die, it is common practice 
to provide a plurality of conductive pads to all of which wire bond connections may be 
made for testing and de-bugging purposes and to a subset of which wire bond 
connections may be made in final production. However in the case of an integrated 

10 circuit die which will be assembled as a so-called flip-chip it is necessary for the centre- 
to-centre pitch, or spacing, between the conductive pads to be much larger than is 
necessary where wire bonding is used to make the connections. This much larger pitch 
renders it impractical to adopt the same idea as in the wire bonding case, that is having 
additional pads for testing and de-bugging, because the integrated circuit die would be 

15 so large that it would be uneconomic. 

According to this invention an integrated circuit die includes first and 
second sets of conductive pads for enabling external connections to be made to the 
integrated circuit, there being at least a first predetermined centre-to-centre spacing 
between each pad of the first set and the adjacent pad or pads of the first set, and at least 

20 a second predetermined centre-to-centre spacing, less than said first spacing, between 
each pad of the second set and the adjacent pad or pads of the first and second sets, and 
a passivation layer exposing only pads of the first set, or exposing pads of the first and 
second sets. 

The pads of the first set may be larger in area than the pads of the second 
25 set. The area of each pad of the first set and the first predetermined centre-to-centre 
spacing may be suitable for flip-chip assembly of the die, and the area of each pad of 
the second set and the second predetermined centre-to-centre spacing may be suitable 
for wire bond assembly of the die. 
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The pads of the first and second sets may be disposed in-line adjacent 
one or more edges of the die. 

The pads of the first set may be disposed in two lines adjacent one or 
more edges of the die, the pads of the first set in one of the two lines being disposed in 
5 staggered relationship with respect to the pads of the first set in the other of the two 
lines. The pads of the second set may be disposed in one of the two lines. 

The first set of pads may be connected to one set of connection points in 
the integrated circuit, and the second set of pads may be connected to another set of 
connected points in the integrated circuit. 
10 The invention will now be described by way of example with reference 

to the accompanying drawings, in which: 

FIG. 1 is a schematic cross section of part of an integrated circuit die 
embodying the invention; 

FIG.2 is a schematic cross section of part of an integrated circuit die 
1 5 embodying the invention; and 

FIG. 3 is a schematic plan view of part of an integrated circuit die 
embodying the invention. 

In the various figures, which are not to scale, like references denotes like 

parts. 

20 Referring now to Fig.l, an integrated circuit die comprises polysilicon 

and metal layers shown schematically at 1 and making up the circuitry (not shown) 
embodied in the integrated circuit. Deposited on the surface of 1 is a first set of 
conductive pads 2 and a second set of conductive pads 3. The sets of conductive pads 2 
and 3 are provided for the purpose of enabling connection to be made between the 

25 circuitry embedded in the integrated circuit and external terminals (not shown). The 
first set of pads 2, which are considerably larger than the second set of pads 3, are 
provided for flip-chip assembly as will be described later, and are connected (by means 
not shown) to one set of connection points in the circuitry. The second set of pads 3 
are provided to enable wire bond connections to be made to the integrated circuit e.g. 

30 for testing and de-bugging purposes, and are connected (by means not shown) to 

another set of connection points in the circuitry. Wire bond connections may also be 
made to the first set of pads 2, and, as shown, all of the pads 2 and 3 have a wire bond 
connection 4 thereto. A passivation layer 5 of conventional passivating material is 


DESC 
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provided over the surface of the integrated circuit die leaving an area uncovered on each 
of the pads 2 and 3 for the wire bond connections 4 thereto. The pitch, or centre-to- 
centre spacing, between each pad 2 of the first set and the adjacent pad or pads 2 of the 
first set is at least a predetermined amount required for flip-chip assembly. Currently 
5 this pitch is 200 microns or 250 microns depending on the manufacturer. A smaller 
pitch than that required will result in manufacturing problems and a significant rejection 
rate. The minimum pitch for connection by wire bonding is much less and is currently 
90 microns, although with present wire bonding technology the pitch could be as low 
as 50 microns. Thus the centre to centre spacing, or pitch, between each pad 3 of the 

10 second set of pads and the adjacent pad or pads, whether it be a pad 2 of the first set of 
pads or a pad 3 of the second set of pads, must be at least equal to the lower spacing 
requirements imposed by wire bonding. 

Fig.2 shows the same basic integrated circuit die shown in Fig.l but, 
instead of the passivating layer 5 of Fig. 1 exposing the conductive pads for wire bond 

1 5 connections thereto, Fig.2 shows the integrated circuit die prepared for flip-chip 
assembly. To this end, a passivating layer 6 is provided over the surface of the die 
exposing only the pads 2 of the first set of pads which, as previously noted with 
reference to Fig.l, are of a size suitable for flip-chip assembly. It will be noted that 
passivating layer 6 exposes an area of pads 2 which is greater than for the wire bond 

20 assembly case shown in Fig. 1 . Each of the pads 2 has deposited thereon a "bump" of 
conductive material, such as gold or solder, which by the application of heat is caused 
to re-flow and effect connection between its respective pad 2 and an external terminal 
(not shown). The mechanics of flip-chip assembly are well known and will not be 
described further. Because passivating material 6 covers the conductive pads 3 of the 

25 second set, the necessary minimum pitch imposed by flip-chip assembly between each 
conductive pad 2 and the pad or pads adjacent thereto is ensured. If the pads 3 of the 
second set of pads were not covered by passivating material 6 the minimum pitch 
requirements for flip-chip assembly would not be met, and problems during such 
assembly would be likely with a significant rejection rate of assembled dies. 

30 It will be appreciated that an integrated circuit die embodying the 

invention may simultaneously comply with the minimum pitch requirements for both 
flip-chip assembly and wire bonding without any, or any significant, increase in the size 
of the die. Thus the same die may be used in a flip-chip assembly process or a 


conventional wire bonding assembly process merely by changing a single mask layer 
namely, the passivation layer. 

The invention is not limited in its application to in-line pads. For 
example, two rows of pads may be provided as long as the minimum pitch requirements 
5 for flip-chip assembly and wire bonding are satisfied. Fig, 3 shows in schematic plan 
view part of an integrated circuit die having two rows of pads. As in Figs. 1 and 2, two 
sets of pads are shown, the first set comprising pads 2' and 2", and the second set 
comprising pads 3'. The pads T and 3' are arranged in a row or line adjacent to the die 
edge shown in Fig.3. The pads 2" are arranged in another row or line parallel with the 

10 die edge but further therefrom. The pads 2" may be, and as shown are, staggered in 
relation to the other pads T of the first set of pads. The pads of the first set, pads 2' and 
pads 2", are larger than the pads 3' of the second set of pads and, as in Figs. 1 and 2, 
the larger pads may be used for flip-chip or wire bonding assembly, whereas the smaller 
pads 3' are intended for wire bonding assembly. As before, each of pads T and 2" are 

1 5 pitched apart by at least the minimum required distance for flip-chip assembly, the 
distance being indicated schematically for two of the staggered pads by the dashed- 
arrowed line P. Each of the pads 3'of the second set of pads is spaced apart from the 
adjacent pad or pads, whether of the first or second sets of pads, by at least the 
minimum spacing required for wire bonding assembly. Staggering of the pads 2' and 

20 2" has the advantage that the periphery of the die may be reduced and, where these 

pads are used for wire bond assembly, it also has the advantage that their effective pitch, 
i.e. the pitch as measured along the die edge, matches more closely the pitch of the lead 
frame of an intended package. 

It will be appreciated that the spacing between the pads in Figs. 1, 2 and 

25 3 need not be uniform or symmetrical; what is required is that the spacing between each 
pad and the adjacent pad or pads be at least the required minimum spacing for flip-chip 
or wire bond assembly as the case may be. 

The invention permits the same basic integrated circuit die to be used for 
flip-chip production, and a higher pin count version to be produced for wire bonding. 

30 Such a "dual purpose" die may be produced without an increase in die size. In effect 
the invention permits two separate integrated circuit dies to be produced at a minimum 
extra cost. Furthermore, the delay characteristics of the input/output paths and the 
internal parasitic characteristics of the die are substantially the same for both flip-chip 
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and wire bonding assembly options. As will be appreciated, the invention permits the 
decision as to whether to use flip-chip or wire bonding assembly to be made at a later 
stage in the production cycle. 


5 
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Claims 


1. An integrated circuit die including first and second sets of conductive 


pads for enabling external connections to be made to the integrated circuit, there being 
at least a first predetermined centre-to-centre spacing between each pad of the first set 
5 and the adjacent pad or pads of the first set, and at least a second predetermined centre- 
to-centre spacing, less than said first spacing, between each pad of the second set and 
the adjacent pad or pads of the first and second sets, and a passivation layer exposing 
only pads of the first set, or exposing pads of the first and second sets. 

2. A die as claimed in claim 1 wherein the pads of the first set are larger 
10 in area than the pads of the second set. 

3. A die as claimed in claim 2 wherein the area of each pad of the first 
set and the first predetermined centre-to-centre spacing are suitable for flip-chip 
assembly of the die, and the area of each pad of the second set and the second 
predetermined centre-to-centre spacing are suitable for wire bond assembly of the die. 

15 4. A die as claimed in claim 1, 2 or 3 wherein the pads of the first and 

second sets are disposed in line adjacent one or more edges of the die. 

5. A die as claimed in claim 1 , 2 or 3 wherein the pads of the first set 
are disposed in two lines adjacent one or more edges of the die, the pads of the first set 
in one of the two lines being disposed in staggered relationship with respect to the pads 

20 of the first set in the other of the two lines. 

6. A die as claimed in claim 5 wherein the pads of the second set are 
disposed in one of the two lines. 

7. A die as claimed in any preceding claim wherein the first set of pads 
is connected to one set of connection points in the integrated circuit, and the second set 

25 of pads is connected to another set of connection points in the integrated circuit. 



IMPROVEMENTS IN OR RELATING TO INTEGRATED CIRCUIT 

DIES 


Abstract 

An integrated circuit die (1) carries conductive pads (2) and (3) thereon, 
the larger pads (2) being suitable for flip-chip assembly and the smaller pads (3) being 
suitable for wire bond assembly. The pitch between pads (2) is at least the minimum 
5 required for flip-chip assembly, whereas the pitch between each of pads (3) and the 
adjacent pad or pads is at least the minimum required for wire bond assembly. For wire 
bond assembly a passivation layer exposing all pads (2) and (3) is provided, whereas for 
flip-chip assembly a passivation layer 6 exposes only pads (2) so that conductive bumps 
(7) may be provided. The provision of pads (2) and (3) complying with the minimum 
10 spacing requirements for both flip-chip and wire bond assembly enables a "dual 

purpose" (e.g. one set of pads being for normal production and another set for testing 
purposes) die to be produced without any increase in die size. 


15 


Fig.2 




